I. INTRODUCTION
PROOF of the inheritance of the ABO blood groups was followed by the studies of L. and H. Hirschfeld who showed that the frequencies of the groups varied in different peoples. Many investigations of these groups have since been published. For example, Vérzar and Weszeczky found that the ABO groups of Hungarian gypsies differed from those of the Hungarians among whom they lived but was almost identical with that of the natives of North-West India. This origin had already been ascribed to the gypsies on other grounds.
The blood group analysis in Wales of Boyd and Boyd in ig7 related to fewer than oo persons whilst the survey of Fraser Roberts in x 942 was confined to the North Wales counties of Caernarvon, Denbigh and Flint. The campaign undertaken during the last war resulted in extensive bleeding and grouping. An analysis of these findings has been made to ascertain whether the Welsh people are an assembly of many racial stocks, each of which has intermingled relatively little with the other, as has been suggested by physical anthropologists, or whether, on the other hand, the population is now a genetically homogeneous whole. An attempt has also been made to correlate the results in Wales with those obtained elsewhere in the Old World in the hope that light may be thrown on the history of human settlement in the Principality. An account of the preliminary findings and their relation to language in particular was given by Mourant and Watkin in 1952. A brief account of the ethnology of the Welsh people, based on the views of physical anthropologists and historians, is an essential pre-requisite to a study of the serological differences observed in Wales.
THE HUMAN HISTORY OF WALES
Stone Age Man. Remains of early man before he took to cave dwelling have not been discovered in Wales and Wheeler dates the first immigration between 15,ooo and io,ooo i.c. Fleure The physical form of the Beaker people varied, those found at Merthyr Mawr, Glamorgan, being of medium height and broadheaded. Their colouring was probably fair and Beddoe's observation that, of a substantial number of broad-headed men examined in the West of England and Wales most had hair that was lighter than that of the rest of the population, seems noteworthy.
In a series of migrations from Northern Gaul from 500-50 B.C., the Early Iron Age Folk reached Britain. The Belg, described by Strabo as fair in colour and six inches taller than the tallest men in Rome, were the last to arrive and did not reach Wales until the beginning of the first century A.D.
On the eve of the Roman conquest Wales appears to have been composed of four main tribal divisions (r) The modern counties of Monmouth, Brecknock and Glamorgan inhabited by the Silures, a dark-haired people;
(2) Present-day Carmarthenshire, Pembrokeshire and Cardiganshire in the possession of the Demetae, a tribe apparently related to the Silures () North-West Wales held by the Venedotae while the intervening area, comprising present-day Montgomeryshire and Radnorshire together with parts of Merionethshire and Denbighshire, was peopled by the Ordovices or "hammer men" who were among the very last to be subjugated by Rome; () The north-eastern corner of Wales inhabited by the Deceangli, regarded by some as related to the Venedotae.
The Romans. The line of demarcation between civil and military areas was usually formed by the base fortresses of the Roman legions. Thus it is only in the south-eastern corner of Wales, to the rear of the second legion at Caerleon-on-Usk that one can expect to find traces of a settled Romanised population on any extensive scale. The only walled Roman town found in Wales is at Caerwent, eight miles to the east of Caerleon. With the exception of South-West Wales, Lleyn and Anglesey, all of which appear to have lain even beyond what Haverfield terms the "military zone ", the remainder of Wales becagie a network of forts and outposts.
It is generally accepted that although the Romans left an impression on the laws and institutions, on the material civilisation and on the language of the country, their genetic contribution to the synthesis of modern Weishmen was insignificant.
The Déssi and the Men of the J'forth. Contemporaneously with the Roman occupation, landings from Ireland on the Welsh coast assumed increasing proportions and culminated in the settlement in Pembrokeshire in the third century A.D. of an entire Irish tribe, the Déssi. The parts of Wales most affected by Irish settlements were those which project towards Ireland and which, in favourable weather, permit of visibility from coast to coast. These include the peninsula of Lleyn, the isle of Anglesey as well as Pembrokeshire.
Cunedda and his followers left the region around the Solway Firth and made landings from Anglesey to the mouth of the Dee. By the fifth century the "Men of the North" who were Brythons by language had become masters of that part of Wales which lies between the rivers Teifi and Dee.
The Anglo-Saxons. Britain. The delineation of the frontier between England and Wales was left to Offa in the second half of the eighth century. That the Anglo-Saxons kept to the east of the dyke is shown by the distribution of their burial places and by the linguistic formation of place names; those to the east being, in the main, English and those to the west being, in the main, Welsh.
Wales received no ethnic contributions of any import from across the dyke. The statements formerly made that the natives of SouthEastern Britain, when driven from their homes by the Saxon invader, found refuge in considerable numbers in the mountains of Wales and thus became the ancestors of the Welsh people, have no foundation in fact.
The Vikings, Xormans and Flemings. While many parts of Wales felt the effect of Norse raids, the extent of permanent settlements is a matter of dispute. It is believed that, in Pembrokeshire, both sides of Milford Haven were occupied at an early date and that this settlement extended inland as far as Narberth.
Wales received the attention of almost the entire Norman army in Britain and by the end of the twelfth century most Welsh noble families were connected with the French by ties of blood. Unions between victor and vanquished were greatest in the garrison towns and least in the heart of the country where very few, if any, occurred.
The Flemings were transferred by Henry I from the North of England to South Pembrokeshire where it was thought they would form a useful bridgehead against the Welsh. That part of Pembrokeshire which was occupied by the Flemings, on the one hand, and probably by Vikings, on the other, is known as "Little England beyond Wales ".
The Industrial Revolution. After the Norman Conquest, Wales escaped the advent of immigrants on a noteworthy scale until the establishment of the iron and coal industries in the latter part of the eighteenth and nineteenth centuries. Of the 1,120,910 persons enumerated in Glamorgan at the ii i Census, 390,941 originated from outside the county. A large proportion came from Gloucestershire and Somerset. A similar state of affairs was found to exist in Monmouthshire.
TECHNIQUE
Owing to the large number of persons evacuated to Wales during the last war, the donor panel in rural areas contained a far from negligible proportion of non-Welsh persons. To overcome this difficulty the "surname technique "-a technique based on a separation of donors into those with Welsh and those with non-Welsh family names-was used. By this method Fisher and Vaughan (1939) had been able to demonstrate a significant difference in the ABO blood group frequencies of the English and Welsh elements at Slough. In in certain parts of Wales until the middle of last century or later, when the then existing surname became permanent, with the result that the last paternal baptismal name now became, once and for all, the family name ". "Another feature about baptismal names used as surnames ", writes Morris, "is that the clergy and members of the official classes added the letter s (presumably meaning son, or marking the possessive case) to the baptismal name when it was used as a surname; thus John becomes Johns and Johnes and finally Jones ".
The late Canon C. W. Bardsley in his examination of surnames in Western Europe draws attention to the unusual conditions prevailing in Wales. He writes as follows : "Wales is the great exception.
Here there is scarcely a trade name, only a few nicknames, no official surnames that I know of, just a sprinkling of local surnames, and the rest quite 95 per cent. are baptismal names. Hence the great difficulty of identification in the Principality ".
Appendix (f) shows a list of surnames which I have taken to be Welsh. Where a particular name is to be found both in England and Wales, and where there is no proof of its exclusively Welsh origin, the country in which it is the commoner will be regarded as its home. For this latter purpose H. B Guppy's The Homes of Family Xames has been used.
(ii) Selection of areas A substantial part of the rural population in Wales lives in scattered homesteads-a state of affairs dissimilar to that found in England where the village movement is very strong. Furthermore, only one county in England, Westmorland, is as thinly populated as the rural counties of Mid and North Wales. The areas selected for study must, therefore, be sufficiently large to ensure statistically sound comparisons. The physical configuration of Wales permits of such divisions in the form of moorlands, broad valleys, coastal plains and peninsul.
(iii) Blood group determination Every blood sample was grouped by the National Blood Transfusion Service on both cells and serum. The grouping was re-checked each time a person donated blood.
(iv) Calculations Group frequencies, gene frequencies, the expected percentage of group AB and a Chi-square test for homogeneity have been calculated for the principal regions, for each individual area and for each township having a sample of not less than a hundred. Fisher's method has been used in calculating gene frequencies. A comprehensive list of towns and villages which make up each area, together with the numbers belonging to each ABO blood group, will be found in appendices (a-e).
ABO BLOOD GROUPS (I) General
There is a tendency for blood group analyses, involving large numbers, to show a deficiency in group AB. As donors do not always resign in equal proportions from each of the four groups, it is important that investigations be based on the combined active and resigned This general picture, however, conceals a number of significant local variations which will be discussed later.
(ii) Areas of high 0 frequency J'Torth Wales. Fig. x than the remainder. These four areas form a continuous wedge of territory passing westwards from the English border to Cardigan Bay.
It seems as though the very high 0 population had, in these parts, been diluted by another stock appreciably lower in 0 which entered either from England or from the Irish Sea. Physical anthropologists have shown that the Bala Cleft and the side valley, leading to Trawsfynydd, harbour a proportion of tall men. An appreciable admixture of people must have occurred in these areas for the Cleft was one of the principal gateways from England into Wales. As early as Bronze Age times trade routes from the Western Midlands passed through the Cleft and across Ardudwy
Mountain to reach the North-West Wales bays and estuaries.
The Upper Severn System. To the north of the Severn Valley, in Montgomeryshire, the 0 frequency is high, whereas to the south it is significantly lower-an indication of the existence of two rather different peoples. The historical geography of the area offers an explanation of this observation.
The ancient centres of population, as Fleure and Whitehouse have pointed out, were the lightly-wooded or treeless moorlands. The valley sides and valley floors, on the other hand, were woodland or malaria-ridden swamps harbouring ferocious animals against the hazards of which man, with primitive stone tools, was able to achieve With the exception of the Walser, a common factor in the distribution of peoples having ABO frequencies very similar to the North Welsh is their predominance on islands or on land in fairly close proximity to the sea. Archology offers support for the theory of a human migration from the Eastern Mediterranean to Britain in One of the interesting features is that persons bearing Welsh surnames display a high A frequency, for this district is known not to have been Welsh-speaking for over eight centuries-long before the assumption of Welsh surnames. It would seem, therefore, that a substantial proportion of the inhabitants of this area assumed the Welsh type of surname despite the presumed existence of an Iron Curtain separating them from the Welsh-speaking people to the north. The contention that the majority of these people are relatively recent immigrants from Welsh North Pembrokeshire seems incorrect for no such high A frequency is found in the north of the county. another along a line which runs parallel to the river on its northern side, from the direction of Aber Gynolwyn to Esgair-geiliog, and thence it follows the watershed of Ffridd Bwlch Eluan, Ffridd Cae'r Felin and Mynydd Du to the watershed between Cwm Tafolog and Cwm Nantcarfan. This boundary divides the districts of CornsAberilefenni and Mawddwy from those of Llanbryn Mair, Cemmaes, Machynileth and the North Plynlymon moorland villages ", and the two districts are referred to, in brief, as "north" and "south" respectively.
Whilst the sample from the south numbers nearly 500, the one from the north is only 75. The marked excess of group A over group 0 in the north is in contrast to that found in the south. A larger northern sample is desirable for statistical comparison, but the available evidence suggests that Peate's differentiation of the Basin is also mirrored in the ABO blood group frequencies. JTorth Wales. Anglesey, owing to its exposed nature and its agricultural wealth,-it was for a long period the granary of all Walesis known to have attracted the sea rovers. The Ciwyd estuary faces the Wirral peninsula where Viking colonies existed. The increased number of A genes in these two areas may, therefore, be partly Scandinavian in origin. The recent remarkable find at Llyn Cerrig Bach, however, testifies to the activities of the Early Iron Age people in Anglesey-a people probably responsible for the introduction of the medium A wave into South Wales.
Llanrwst was found by Beddoe to have an index of nigrescence very considerably lower than townships in Snowdonia. Scandinavian place names are to be found at the mouth of the Conway and the river is navigable for small craft for a distance of several miles. The possibility of a sea-borne settlement at Llanrwst cannot, therefore, be excluded. On the other hand, mention has been made of a belt of lower 0 and higher A extending from east to west across North Wales. Corwen lies within the belt but little is known of the ABO blood groups in the area separating Corwen from Llanrwst. The very small samples from Pentre Foelas and Cerrig y Druidion, however, show an excess of group A over group 0. It is, therefore, possible that Llanrwst is merely an extension of a bloc of raised A frequencies of which the Bala Cleft and the intervening area form part. The B gene frequency is significantly higher in West.rn than in Eastern Wales, vide table 2. It reaches its highest values in isolated moorlands as may be seen from table 9. The distribution of the B gene frequency is depicted in fig. 3 .
The elevation at which the early colonists of Britain effected their settlements increases as one proceeds southwards. The Basques have a very low B frequency and an exceptionally high proportion of Rh negatives. The sample of Kerry Hill folk tested by Mourant, however, showed no excess of Rh negatives, but the proportion of A2, as mentioned earlier, proved to be very high. 6. The occurrence of very high 0 frequencies, together with A and B frequencies very similar to those of the North Welsh, seems confined in Western Europe and the Mediterranean to islands or to land in close proximity to the sea. From Iceland and Ireland, via islands on the French Atlantic seaboard, to the Mediterranean and white North Africa and as far east as the Aegean and Asia Minor, the North Welsh type of ABO frequencies is to be found. One wonders if all represent remnants of a related human stock who might be described as the " ancient mariners ".
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